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) and the Mackay-Marg (Tierney and Rubin, I966) with the Goldmann has been shown to be significant, although the mean pressures recorded by the PTG and the Mackay-Marg are reported to be about i and 2 mm higher than those using the Goldmann. The main difference between the two instruments is that the pneumatonograph is a combination of a pneumatic and an electronic system, whereas the Mackay-Marg is purely electronic and, when applanated, its recording system is driven by the slightest movement of the fuzed quartz plunger rod. The pneumatonograph has the advantage that the applanation is confirmed by a continuous whistle and the pressure can be read instantaneously from the digital display as well as from recordings on the chart. Applanation is simpler with the Mackay-Marg but its accuracy cannot be confirmed and hence it is essential to make 4 to 5 applanations each time to obtain a correct recording. The Mackay-Marg tonometer requires calibration daily before use, whereas the PTG need be calibrated only once a week. The Mackay-Marg is quicker in the sense that single applanation requires only about a second whereas the PTG requires 2 to 5 seconds.
Precise study of amplitude of ocular pulse with the PTG is a distinct advantage in the diagnosis of carotid occlusion, since the amplitude of ocular pulse is significantly affected even in cases with 20 per cent carotid obstruction (Best and Rogers, 1I974) .
Material and methods
The cases studied comprised three groups. Group I consisted of 20 normal young volunteers (40 eyes) with an age range of between IS and 29 years. The postural study in this group was conducted only by the pneumatonograph.
Group 2 consisted of patients without glaucoma, routinely attending the outpatient clinic and who corresponded in age with the glaucomatous subjects. Patients included in this group were completely normal, cataractous, aphakics, or had defective vision or, in some cases, had some retinal disease such as diabetic retinitis, retinitis pigmentosa, etc.
Group 3 were all patients with open-angle glaucoma and were selected as follows:
Those with previously undiagnosed glaucoma with intraocular pressures exceeding 22 mmHg. Those receiving treatment but with intraocular pressures exceeding 20 mmHg. Group 3 also included adequately controlled glaucomatous patients who were advised to stop treatment for at least 24 hours before the study was conducted. Patients in this group were selected according to their initial sitting pressure readings using the pneumatonograph. The number of patients included in Group 2 was 76 (15I eyes) and in Group 3 54 (io8 eyes) with an age range of between 30 and 85 years.
The pneumatonograph and the Mackay-Marg instruments were connected to the mains, adjusted, and calibrated as required. The Mackay-Marg tonometer used in this study required calibration to 9-5. The PTG sensor tip has to be sterilized in 70 per cent isopropyl alcohol and a new autoclaved thin rubber tonocover was used for each new patient for the Mackay-Marg probe. The sequence of examination in this study was as follows.
The patient was comfortably seated erect on an examination couch and the eyes were anaesthetized with drops of 0o4 per cent benoxinate hydrochloride. The patient was asked to fix some object and avoid squeezing wvhile he held his gaze. The tip of the Mackay-Marg probe was applanated to the apical zone of the cornea for about half a second. Four to five applanations were repeated in each eye. While applanating, care was taken that the centre of the probe was the first thing to make contact with the cornea and the withdrawal was abrupt. Soon after, with the patient in the same position, the tip of the PTG sensor probe was applanated to the apical zone of the cornea for about two to five seconds. A correct applanation was confirmed by a continuous whistle from the machine and the intraocular pressure was displayed as well as being recorded on the chart. Thereafter, the patient was asked to lie face upwards on the same couch and, after two minutes, the pressure was recorded by both the Mackay-Marg and the PTG.
The patient continued to lie in the same position and the pressure was re-recorded after three minutes using the same instruments. Then a pillow with an effective thickness of I2-7 cm was placed underneath the patient's head and pressure was recorded after two minutes. Having done that, the patient was made to sit erect as originally and the pressure was recorded at two-and fiveminute intervals. This way, with both tonometers, six separate pressure readings were obtained in various postures for each patient in Groups 2 and 3.
To make the study more valid the following precautions were taken:
i. All measurements were performed by the same examiner. Table I also show that there was a statistically significant increase in intraocular pressure when the patient changed from sitting to lying. The range of rise in pressure in non-glaucomatous subjects was -2 to -8 mmHg and in glaucomatous eyes it ranged between o and IO mmHg. The mean rise in pressure using the PTG was 2'71, 4-o4, and 3-28 mmHg in Groups 2, 3, and 2 plus 3, respectively. Using the Mackay-Marg it was 2z5I, 3-72, and 2'79 mmHg in the same order. After this initial rise, there was a slight fall in pressure in the supine posture and a greater fall when the pillow was placed under the head, but the fall was significant (mean fall ranging between VI-5 and I-95 mmHg) compared with the There is a significant increase in intraocular pressure when a normal subject changes from sitting to lying down. Although Fig. 4 and Table I indicate that there is some degree of a decrease in pressure within five minutes of assuming the recumbent posture, a sample of 15 patients (30 eyes) after the initial five-minute period showed a degree of consistency in the recordings which suggests that any fall occurring after that time would be slight. A reduction in the degree of increase in intraocular pressure is mitigated by adoption of a semi-recumbent position (one pillow) which raises the head to about fifteen degrees, and a return to the original or less than the original pressure occurs on resuming the erect posture.
The rise in intraocular pressure is dependent partly on the initial intraocular pressure, but this increase is significantly higher in the 50 to 79 year age group. This takes into account the rectification required for disparity in numbers, the proportion of women to men, and the initial difference in intraocular pressures. The results for young people correlate well with those of Tarkkanen and Leikola (I967), although the average age was higher in their report and the mean intraocular pressure slightly lower (Table III) . In the older age group comparable to the distribution in chronic simple glaucoma, would take longer to produce an effect by change *n posture. Age would also tend to accentuate this change and if the baroreceptor mechanism were the basis for it, it would be expected that this would increase with age.
The mean postural change in glaucomatous patients is significantly higher than in the nonglaucomatous group. This is basically in agreement pressure, 24 per cent had an increase which was within the bounds noted on a normal gaussian curve, and an increase in intraocular pressure of more than 5 mmHg was observed approximately three times more frequently in glaucomatous than in non-glaucomatous eyes. The maximum rise recorded by us was Io mmHg in glaucomatous eyes and 8 mmHg in non-glaucomatous eyes. The glaucomatous eyes take longer to adjust after the rise, as shown by the divergence of results in the semi-recumbent to erect posture. This reflects the inability of the glaucomatous eye to compensate for change in pressure and offers a simple testing method for potential glaucomatous change in aqueous humour dynamics. If the postural changes in pressures are going to be used as a diagnostic procedure in glaucoma, it is important to take into account that aspect of the orientation of the pressure, particularly if the postural rise has not been very remarkable.
Four further clinical aspects of the postural rise merit consideration. First, the role posture can play in the production of change at the optic disc in cases of glaucoma and so-called low-tension glaucoma where the increased intraocular pressure when lying down is associated with a fall in blood pressure, although this may be partly mixigated by a slightly increased blood volume. Secondly, medical treatment cannot be regarded as being successful unless the highest intraocular pressure can be contained within nornal limits for a particular eye. This is so for stressful conditions, diurnal rises, and also postural changes in pressure. Thirdly, the effect of surgery on the postural rise is important because of the initial reverse effect during the actual operative procedure and, also in the event of surgery proving better in controlling the glaucomatous rise in recumbency, it would be an indication for opting for this course of treatment. Finally, the postural pressure rise should be of consideration in all intraocular operations and may possibly account for some of the vitreous problems such as vitreous upthrust in cataract surgery.
The mechanism of the glaucomatous postural change should be examined further in conjunction with phasic variation, plasma cortisone fluctuation, and other hydrostatic mechanisms. Such investigations could possibly give some indication to the basic mechanism of the response and the variation that occurs. Summary A postural study was conducted in three separate groups of subjects. The first group comprised 20 women volunteers with an average age of 20-75 years. In this group, the study was conducted by the pneumatonograph only. Mean pressure recorded was I5 65 ±0.25 mmHg and there was an average rise of I 4 mmHg in supine posture. Groups 2 and 3 comprised i 51 non-glaucomatous and Io8 glaucomatous eyes respectively in the age range of 30 to 85 years. In these two groups, the study was conducted using the PTG and the Mackay-Marg tonometer. Clinical evaluation of the Mackay-Marg with the PTG gave significant correlation, with mean Mackay-Marg readings being I*I3 mmHg higher.
The intraocular pressure when changing from seated to the supine position increased on average by 2-7I and 4-04 mmHg, respectively in Groups 2 and 3 and by 25 i and 3 72 mmHg by Mackay-Marg, suggesting a higher change in glaucomatous subjects. Pressure on resumption of sitting was found to be lower than the initial pressure. Postural change also showed some direct relationship with age in non-glaucomatous subjects. 
